Objective To examine how point-of-sale (POS) display bans, tobacco retailer density and tobacco retailer proximity were associated with smoking cessation and relapse in a cohort of smokers in Canada, where provincial POS bans were implemented differentially over time from 2004 to 2010. Methods Data from the 2005 to 2011 administrations of the International Tobacco Control (ITC) Canada Survey, a nationally representative cohort of adult smokers, were linked via residential geocoding with tobacco retailer data to derive for each smoker a measure of retailer density and proximity. An indicator variable identified whether the smoker's province banned POS displays at the time of the interview. Outcomes included cessation for at least 1 month at follow-up among smokers from the previous wave and relapse at follow-up among smokers who had quit at the previous wave. Logistic generalised estimating equation models were used to determine the relationship between living in a province with a POS display ban, tobacco retailer density and tobacco retailer proximity with cessation (n=4388) and relapse (n=866). Results Provincial POS display bans were not associated with cessation. In adjusted models, POS display bans were associated with lower odds of relapse which strengthened after adjusting for retailer density and proximity, although results were not statistically significant (OR 0.66, 95% CI 0.41 to 1.07, p=0.089). Neither tobacco retailer density nor proximity was associated with cessation or relapse.
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Conclusions Banning POS retail displays shows promise as an additional tool to prevent relapse, although these results need to be confirmed in larger longitudinal studies.
InTROduCTIOn
As traditional tobacco marketing channels have been prohibited, tobacco companies have transitioned their marketing resources from mass media (eg, television, billboards) to point-of-sale (POS) in tobacco retail shops (eg, interior and exterior ads, extensive price promotions and discounts, product displays). [1] [2] [3] In addition to POS marketing, the density and proximity of tobacco retailers to residential areas are critical for making tobacco easily available. 4 Marketing exposures and tobacco availability (ie, density and residential proximity to tobacco retailer) have been found to impede smoking cessation. [5] [6] [7] [8] [9] However, the independent effects of POS marketing and retail availability on cessation and relapse have not been examined rigorously.
The transtheoretical model of health behaviour change suggests two key smoking cessation stages beyond making a quit attempt (action) that are relevant to POS marketing exposures: staying off of cigarettes (maintenance) and returning to smoking (relapse). 10 The effects of tobacco marketing likely vary across stages. Tobacco marketing at POS can serve as smoking cues which increase cravings and smoking behaviour. [11] [12] [13] Environmental cues to smoke appear to have a greater impact on intermittent smokers than daily smokers 14 which may have corollaries with former smokers in the maintenance stage: once quit, former smokers may respond more strongly to environmental cues, such as tobacco marketing at POS, than addicted smokers who continue smoking for nicotine. If so, cues from tobacco marketing at POS may play a stronger role for cessation or relapse than for making a quit attempt initially. Indeed, prior quantitative 5 8 studies are suggestive of these ideas, finding that sensitivity and exposure to POS marketing were associated with lower odds of cessation, but exposure to POS marketing was not associated with quit attempts. 8 The quantitative findings are further supported by qualitative work showing that POS marketing made cessation more difficult, and relapse more likely, due to temptation and increased cravings. 6 Little is known about the role of tobacco availability on cessation and relapse. One study in Texas found that closer residential proximity to tobacco retailers, though not tobacco retailer density, was associated with lower odds of cessation, 7 while a similar study in England found no relationship between tobacco retailer density or proximity with cessation. 15 Another US study found that greater distance from a tobacco retailer was associated with higher 30-day abstinence, and greater density was associated with lower abstinence, but only in high poverty areas; results were null in low poverty areas. 16 Greater density and closer proximity were both associated with lower cessation among men, but not women, who smoked moderately or heavily at baseline in a Finnish study; however, proximity was associated with lower probability of cessation among women who were light smokers at baseline. 9 Another Finnish study found that decreased proximity was associated with increased quitting but not with relapse. 17 In Canada, retailer density was associated with greater odds of making a quit attempt but not relapse, and proximity was not associated with either quit attempts or relapse. 18 These mixed results suggest a need for larger, longitudinal studies that are better positioned to discriminate between the effects of retailer density and proximity, including when also accounting for POS displays.
Most studies investigating the effects of POS marketing on adult smokers are limited to non-representative samples or qualitative inquiries. 5 6 8 19-22 Furthermore, none of these studies disentangle the influence of POS marketing from tobacco availability on smoking behaviour outcomes. One way to separate out these different effects is by looking across geographical areas with disparate POS display policies. Canada offers such an opportunity, as provinces and territories implemented POS display bans differentially over time between 2004 and 2010. 23 Although Canada had previously banned POS marketing, 24 the new provincial laws banned the display of tobacco products. In the present study involving a nationally representative cohort of Canadian adult smokers, we took advantage of the set of natural experiments across different provinces to examine variation in POS display bans and data on likely tobacco retailers to measure tobacco availability (ie, density and residential proximity to tobacco retailer). We hypothesised that living in a province with a POS display ban would be associated with greater cessation and lower probability of relapse. We also hypothesised that higher tobacco availability would be associated with lower cessation and higher probability of relapse.
MeThOds study setting
Between 2004 and 2010, all 10 Canadian provinces implemented bans of retail displays of tobacco products, although differentially, over time. 23 . From an initial sample size of 3105 individuals (n=8027 observations), we excluded participants without information on province (n=76 participants, n=112 observations) and those from Prince Edward Island (n=16 participants, n=36 observations) due to the small sample and the need to adjust for tobacco-control environment by province. After these exclusions, we had a total of 7879 observations from 3013 participants. We further excluded observations for missing tobacco retail exposure data (n=228 participants, n=1105 observations) and covariates (n=7 participants, n=25 observations). After exclusion criteria were applied, we divided the dataset into two analytical samples for each outcome of interest: cessation (n=4388 observations, 2024 individuals) and relapse (n=866 observations, 448 individuals). The analytical samples were defined based on respondents' smoking status at times t and t+1. Specifically, the cessation sample consisted of respondents who were smokers at time t, whereas the relapse sample included respondents who had quit smoking for at least 30 days at time t.
Measures

Smoking cessation and relapse
Two dependent variables were evaluated: smoking cessation and relapse. A smoker was considered to have achieved cessation if he/she was smoking at the previous wave, but had quit for at least 1 month, and was still quit at the time of being surveyed. A person who had quit smoking at the last survey wave and was back to smoking at the present wave was considered to have relapsed.
POS ban on tobacco products
To assess exposure to the provincial POS ban policy, participants were assigned an indicator variable with 'Yes' representing a ban in their province before their interview date, and 'No' representing no ban.
Tobacco retailer density and proximity
The Canadian retailer data were obtained from Enhanced Points of Interest database from Desktop Mapping Technologies (DMTI-EPOI) 26 which has been used in prior research on tobacco retailer density around Canadian schools 27 and is the most complete database of retailers over time. Grocery stores, gasoline service stations, and tobacco stores and stands were coded as tobacco retailers in all provinces. [28] [29] [30] [31] In a sensitivity analysis, we also included drug stores and liquor stores as tobacco retailers for provinces that sold tobacco through those locations. They were not included in the main analysis, as these types of stores are less likely to sell cigarettes, few ITC participants report purchasing cigarettes from these venues (analysis not shown) and only British Columbia allowed sales in liquor stores. The DMTI-EPOI database is updated annually, thus data from 2007 to 2010 were used in this study, corresponding to the dates of the ITC surveys analysed.
We calculated tobacco retailer density and proximity relative to study participants' residential addresses. Participants' street addresses (92.5% of sample) or postal codes (assigned to postal code centroids; 7.5%) from the ITC Canada data were geocoded using DMTI's street network and postal code locations, or ArcGIS's online North America Geocode Service V.10.0 if the first method did not work. Tobacco retailer density was calculated as the number of tobacco retailers within a 1 km radius from a participant's residence using ArcGIS's proximity tools. We used a 1 km radius rather than the commonly used 500 m due to the low population density in Canada, especially in rural areas and small towns. Tobacco retailer proximity was the measurement of the closest tobacco retailer (ie, grocery store, gasoline service station, or tobacco store or stand) to a participant's residence, calculated using Euclidean distance via ArcGIS's proximity tools, measured in km.
Covariates
Covariates included in the models were age, sex, education, income, province and cigarette prices. Education was categorised as: high school, some postsecondary education, completed university (referent). Annual income level in $C was categorised as: under $C29 999; $C30 000-$C59 999; $C60 000-$C74 999; $C75 000-$C99 999; $C100 000 and over (referent); refused/ do not know. Cigarette prices measured the average cigarette price (per 200 cigarettes) for each province for each survey year. 32 Additionally, provincial indicators were used to adjust for the tobacco-control environment in each province over time. We also adjusted for quit attempts in the cessation models, defined as a smoker making an attempt to stop smoking since the previous wave. We did not adjust for survey year due to collinearity with the POS ban indicator variable (Spearman's correlation: ρ=0.81 cessation sample, ρ=0.85 relapse sample).
statistical analysis
We calculated unweighted descriptive statistics for all variables of interest for each analytical sample at each survey wave. Generalised estimating equation (GEE) logistic regression models accounted for the within-person correlation over time and modelled the relationship between POS display bans, tobacco retailer density and tobacco retailer proximity with smoking cessation variables. To evaluate these relationships, we estimated seven models for each of the outcomes studied (ie, cessation and relapse), measuring exposure in the same wave as the outcome. First, we modelled the crude association for each exposure and outcome, and then adjusted for covariates. Finally, we modelled all three exposure variables simultaneously in a fully adjusted model. Models 1, 3 and 5 examined the crude association between each exposure (ie, POS display ban, retailer density, retailer proximity) and the outcome variable. Models 2, 4 and 6 included covariates (ie, age, sex, education, income, province, cigarette price, quit attempts in the cessation models). Model 7 examined all three exposure variables (ie, POS ban, density, proximity) with cessation and relapse, adjusting for covariates. All GEE analyses were conducted in SAS V.9.3 and accounted for the complex survey design by incorporating strata and weights that were constructed to be representative of the population.
We conducted multiple sensitivity analyses. First, we included drug stores and liquor stores in our calculations of tobacco retailer density and proximity. Second, because of the uncertainty with geocoding rural versus urban addresses, we conducted an analysis excluding rural participants. We also adjusted for Heaviness of Smoking Index (HSI) from the prior wave in the cessation analysis and examined time-in-sample for cessation and relapse models. Finally, we examined whether adjusting for self-reported exposure to workplace, restaurant and bar smoke-free policies affected the results in both cessation and relapse models.
ResulTs
The mean age of study participants was between 47 and 53 years, and 56%-63% of participants were male, depending on wave and analytical sample (table 1). Among smokers from the previous wave, 7%-9% of the respondents had quit for at least a month at follow-up (cessation sample). Between 17% and 21% of the participants had relapsed at follow-up among those who had quit at the previous wave in the relapse sample. Large increases in provincial POS display bans were seen between waves 6 and 7, from 7% to 11% of people in the sample to approximately 96% experiencing the bans, with variation by analytical sample. On average, there were 7-9 tobacco retailers within a 1 km radius of participants' homes, and the distance to the nearest tobacco retailer ranged between 1.04 and 2.17 km.
In the cessation sample, there was no significant difference in the weighted percentage of people who quit when comparing those exposed to POS display bans or not (7.7% vs 8.5%, respectively, χ 2 p=0.343). In adjusted GEE models, none of the exposure variables (POS display bans, retail density, proximity) were associated with cessation (table 2) .
There was no significant difference in the weighted percentage of quitters who relapsed based on whether they lived in a province with a POS display ban (17.2% exposed vs 18.9% unexposed, χ 2 p=0.506). Nevertheless, after adjustment for covariates (table 3, model 2) and further adjustment for retailer density and proximity (model 7), living in a province with a POS ban was associated with lower odds of relapse, although the results were not statistically significant (model 2: OR 0.68, 95% CI 0.42 to 1.09; p=0.1114; model 7: OR 0.66, 95% CI 0.41 to 1.07; p=0.0894). Neither tobacco retailer density nor tobacco retailer proximity was associated with relapse in adjusted models (model 4 for density, model 6 for proximity).
Regarding the sensitivity analyses, results showed similar point estimates and statistical significance for results from models that assessed (1) including drug stores and liquor stores and (2) after adjusting for HSI from the previous wave for cessation. In the sensitivity analyses excluding rural participants, point estimates were similar for cessation and relapse, but the CI was slightly wider for the POS ban estimate in the relapse sample (model 7: OR 0.66, 95% CI 0.39 to 1.11), likely due to the change in sample size (n=735 in sensitivity analysis vs n=866 in original). Time-in-sample was collinear with the POS exposure variable for the cessation and relapse models (Spearman's correlation: ρ=0.72 and ρ=0.78, respectively), so models were not re-estimated. Finally, when adjusting for self-reported work, restaurant and bar smoke-free policies, point estimates were similar, and none of the coefficients for the smoke-free variables were statistically significant correlates of cessation or relapse. The sample size was reduced when including these additional variables (ie, from n=866 to n=744 for the relapse sample). As a consequence, the CI widened for the POS ban variable (model 7: OR 0.65, 95% CI 0.37 to 1.15).
Research paper
dIsCussIOn
We used data from a population-based, longitudinal survey of adult smokers in Canada to evaluate how living in a province with a POS display ban, tobacco retailer density and tobacco retailer proximity are associated with smoking cessation and relapse. Living in a province with a POS display ban was associated with lower odds of relapse, although the results were not statistically significant (p=0.089). This finding was consistent with the idea that eliminating exposure to smoking cues such as tobacco POS displays may be particularly salient for the relapse stage. We observed no associations between the POS bans and cessation, despite our hypothesis that the absence of POS retail displays is important at the maintenance stage. Neither tobacco retailer density nor proximity was associated with cessation or relapse.
There are many potential reasons why we did not see stronger associations between POS bans and cessation or relapse. It is possible that POS bans have a small impact on cessation and relapse due to the study context. At the time of this study, Canada already had a strong tobacco-control regulatory environment, including bans on tobacco advertising (ie, television/ radio, billboards, newspaper/magazines), price promotions and other promotions (ie, online, direct mail). 24 The absence of synergy between POS displays and other marketing at POS (eg, advertising, promotional strategies) may mean that POS bans in a study context like Canada could limit the impact of a display ban. Another possibility is that during the study period, implementation of other local polices may have had a greater influence on cessation and relapse, although we adjusted for cigarette price by province for each wave and also for province to account for differences in the overall policy environments. In addition, there was little investment in antismoking media campaigns during the study period, and all provinces had implemented quitlines prior to 2006, 33 indicating that these factors are unlikely to account for our results. Moreover, the additional sensitivity analysis adjusting for self-reported smoke-free policies yielded substantially similar results. Finally, coefficients for POS bans were in the anticipated direction for relapse (exposure to bans associated with lower odds of relapse), although we may have been underpowered to detect statistically significant associations for what we expected to be relatively small effects.
To the best of our knowledge, no previous work has investigated the impact of POS display bans on smoking cessation behaviours. However, several studies that looked at the association between POS marketing and smoking cessation generally found that greater exposure to POS marketing made smokers less likely to quit. 5 6 8 Our trend results for POS bans associated with lower odds of relapse (p=0.0894, model 7) are consistent with these prior studies, as former smokers would have been exposed to less marketing in the form of product displays.
In the current study, higher tobacco retailer density was not associated with cessation or relapse. Only five previous longitudinal studies have investigated density and cessation behaviours, with mixed results. In Finland, greater density was associated with less quitting among moderate/heavy smoking men, 9 although the same study found no relationship between density and quitting for men who were light smokers or for female smokers, 9 and studies in the US and England likewise found no relationship. 7 15 Another US study, though, found that greater density was associated with lower 30-day abstinence in high-poverty, but not low-poverty, areas. 16 A Canadian study found that higher density was not associated with relapse. 18 Our results are consistent with some of the findings from previous studies since we found no association between density and cessation, and also observed no association between density and relapse, as in the Canadian study.
The current study also found no relationship between distance from the nearest tobacco retailer and cessation or relapse. Of the previous longitudinal studies examining distance and cessation, US and Finnish studies found that greater distance was associated with an increase in cessation, 7 9 16 17 although one US study only found this relationship in high-poverty, and not in low-poverty, areas, 16 and one Finnish study only found this among moderate/heavy male smokers, and not among men who were light smokers or female smokers (where the opposite relationship was found for light smokers). 9 However, English and Canadian studies found no relationship between distance and cessation. 15 18 Regarding relapse, two longitudinal studies had previously examined the relationship between distance and relapse, and found no relationship. 17 18 Our results are consistent with null findings for quitting from England and Canada and Research paper among specific groups in Finland and the USA, and null findings for relapse from Finland and Canada. Future research should consider examining other measures of distance, such as having at least one retailer within a given radius, 18 roadway distance, travel time, or living at extreme distances from the nearest retailer, and relation of these measures to workplace or activity space.
strengths and limitations
To the best of our knowledge, this is the first study to evaluate the potential effects of POS display bans on cessation and relapse, and also the first to tease apart how POS display bans and tobacco retailer availability (ie, density and proximity) may independently influence smoking cessation outcomes. Nevertheless, our study has several important limitations. Other aspects of the tobacco-control environment may have confounded our results. To address this, we adjusted for cigarette price at the provincial level and included an indicator for province to account for potential differences across the policy environment. Although we did not examine differences in antismoking ads or quit support across provinces, there was little investment in media campaigns during the study period and all provinces had quitlines prior to 2006. 33 Moreover, our sensitivity analysis including self-reported indicators of smoke-free policies showed substantially similar results, and none of the coefficients on the smoke-free variables was associated with cessation or relapse, which is consistent with prior work showing that the relationship between smoke-free policies and cessation behaviours is not strong. [34] [35] [36] [37] We measured policy implementation, not compliance. However, previous studies in Canada suggest excellent compliance with policy implementation. 38 It is possible that tobacco retailer density and proximity were measured with error due to the use of DMTI-EPOI data rather than direct observations of the retailer environment, although we specifically chose retailers based on their likelihood of selling tobacco, and sensitivity analyses with additional types of retailers that may sell tobacco yielded similar results. In addition, our measurement focused on availability around the home, which does not account for the places people work, or travel to, frequently. Hence, other methods that capture exposure data in real time, such as ecological momentary assessments, 39 40 may be necessary to study density and proximity. We measured distance using Euclidean distance rather than roadway network, and so do not have actual travel distance or travel times. In practice, Euclidean distance and roadway networks have been shown to be highly correlated, 41 reducing the likelihood of measurement error. We also do not account for availability of contraband tobacco or access to a vehicle, which may alter the effect of the distance measures. Furthermore, tobacco availability and POS policy implementation may vary by geographical location (ie, rural vs urban areas). However, the sensitivity analysis that excluded all participants who resided in rural areas found similar results for all models. Attrition may be another potential source of bias since 27.8%, 24.3% and 25.6% of participants were lost to follow-up from waves 5 to 6, waves 6 to 7 and waves 7 to 8, respectively. Nevertheless, there were no significant differences between the sociodemographic covariates (ie, age, sex, education, income), exposure variables (POS bans, tobacco retailer density and proximity) or the outcome variables (cessation, relapse) in the study sample and among participants who were lost to follow-up, with a few exceptions: tobacco retailer density (among participants lost to follow-up from waves 6 to 7 and waves 7 to 8) and sex (among participants lost to follow-up from waves 7 to 8).
